INTRODUCTION
Knee osteoarthritis (KOA) is the most prevalent form of osteoarthritis (OA) and is becoming the main reason for progressive pain in knee joints [1] [2] [3] . Severe KOA needs knee arthroplasty [4, 5] . However, in patients who received total knee arthroplasty (TKA), around 5%-20% suffered from unicompartmental OA [6] . For these patients, unicondylar knee arthroplasty (UKA) can provide a better clinical curative effect and quicker recovery than TKA [7, 8] .
The indications for UKA are determined according to clinical symptoms, physical examination, and radiographic information [9] [10] [11] . With the development of prosthesis designs and surgery techniques, the indications for UKA are not as strict as before [12, 13] . Thompson et al [14] conducted a retrospective study including 229 knees and found that younger patients had better results than older patients and body mass index (BMI) had no direct association with failure rate. It is justified to broaden classic UKA indications owing to the study performed by von Knoch et al [15] . The main reasons for failure in UKA includes the defects on prosthesis design, a lack of experience in surgical techniques, the progression of arthritis, and inadequate patient selection [16] . Emerson et al reported that progression of arthritis in the lateral compartment resulted in a 90% failure rate in UKA [17] . Identifying the injury degree of articular cartilage, meniscus, and anterior cruciate ligament (ACL) can help to improve the clinical curative effects of UKA and lengthen prosthesis longevity.
Applying arthroscopic surgery combined with UKA gives us the capacity to explore all the articular cavities and makes up for the defect of the operation that limits one to a single compartment of UKA, which plays a vital role in UKA patient selection [18] . For patients affected by Outerbridge III or IV cartilage degeneration in patellofemoral joint or lateral compartment newly found through arthroscopic surgery, arthroscopic debridement or TKA could be a better option [19] . Cleaning the damaged cartilage and smoothing the bone surface in the lateral compartment through arthroscopic technique can also improve the clinical curative effects of UKA.
The purpose of this study was to describe the effectiveness of arthroscopy combined with UKA for the treatment of unicompartmental OA as opposed to UKA alone. We hypothesized that arthroscopy combined with UKA can provide better relief in clinical symptoms and alignment and reduce the revision rate simultaneously.
MATERIALS AND METHODS

Patient selection
We retrospectively studied 131 knees in 117 patients from November 2006 to October 2012, using either arthroscopy combined with UKA (group A) or UKA alone (group B) for medial unicompartmental OA. The prosthesis selection included the fix-bearing design (Link) and the mobile-bearing design (Oxford; Biomet). Surgeries were conducted by two different surgeons who had more than 10 years of experience. The inclusion criteria were as follows: (1) A clear diagnosis of medial compartmental KOA with Kellgren-Lawrence (K-L) grade III or greater based on radiographic information;
(2) Regular articular cartilage coverage or Outerbridge grade I or II in the lateral compartment and a normal status on patellofemoral joint according to clinical tests and radiographs; (3) A varus deformity no more than 10° as well as a flexion contracture less than 15°; (4) A range of motion (ROM) more than 90°; (5) Inefficient and normal function of the ACL and collateral ligaments based on clinical tests and magnetic resonance imaging (MRI); and (6) The willingness to participate in the study and the possibility to be investigated by phone or email to share their health resources with us. The contraindications included rheumatoid arthritis, severe chondrocalcinosis, and a clinically symptomatic patellofemoral joint.
Intervention
The decision of whether or not to add arthroscopic surgery before UKA was determined according to the patients' characteristics and surgeons' preferences. Arthroscopic exploration would be necessary if the radiographic information failed to show the explicit image of ACL or the unreplaced compartment. Every compartment of the articular joint was successively examined ( Figure 1A -D), and the tension of the ACL and posterior cruciate ligament was judged with a clasp ( Figure 1E ). The options for UKA, TKA, or arthroscopic debridement alone were determined according to the cartilage of each compartment. As for the patients who met the criteria of UKA, the arthroscopic operation included synovium excision, cleaning the damaged cartilage, smoothing the bone surface in the lateral compartment through abrasive drilling, and trimming the lateral meniscus with wear or degeneration to make it smooth and slope-shaped ( Figure 1F -J).
Minimally invasive surgery (MIS) was adapted for UKA surgery [20] . The drainage tube was kept for 24-48 h and removed when the total draining volume was less than 50 mL. The patients were allowed to start quadriceps femoris muscle and ankle active contraction immediately after the operation. Passive knee contraction on continuous passive motion began 1 d later. Patients were recommended to start partial weight bearing with crutches 3 d after the operation and gradually returned to full weight bearing over the course of 1 wk.
Outcome measures
The inpatient information we collected included hospitalization time, hemorrhage during operation, the total volume of blood transfusion, the percentage of patients receiving blood transfusion, and the percentage of patients developing complications after the operation. All patients were assessed preoperatively and at 3, 6, and 12 mo after operation and every 2 years thereafter, including clinical symptoms and radiographic resources, either by phone or physical examination upon return to the clinic. The clinical outcomes were recorded by hospital for special surgery (HSS) score, knee society score, knee function score, and ROM. Radiographic information, including long-leg pictures as well as anterior-posterior and lateral pictures, was evaluated by femoral-tibial angle (FTA) and hip-knee-ankle angle (HKA). The angle between the two mechanical axes represented HKA and was defined as the mechanical axis of the lower limb; the angle between the two anatomy axes represented FTA and was defined as the anatomy axis of the lower limb. According to the Kennedy classification [21] , we drew a line from the center of the femur head to the midpoint of the superior articular surface of the talus and judged which part of the tibial plateau the line went through to evaluate the alignment deformity at the latest follow-up. We defined the valgus in area 3, the varus in area 0 or 1, and the alignment correction in area 2 or C. Any type of revision or conversion to TKA was considered a failure, and we used the Kaplan-Meier curve to compare the survival rates.
Statistical analysis
In this study, continuous data such as age and BMI were normally distributed and are described as the mean ± SD. Inter-group comparisons were performed using the independent sample t-test. Continuous data such as height, body weight, follow-up time, hospitalization time, intraoperative bleeding, and total blood transfusion did not follow a normal distribution and are described by medians (lower quartile and upper quartile). The Mann-Whitney nonparametric test was used for comparison between groups. The paired sample t-test was used to compare paired data including preoperative and postoperative HSS scores, knee society scores, function scores, ROM, HKAs, and FTAs.
With regard to the proportionality data, the Kennedy and White classification, the side, and blood transfusion rates were consistent with the theoretical number (T) ≥ 5 and the total sample size (n) ≥ 40. The test was performed using Pearson's χ 2 . Gender, etiology, and postoperative complication rates were in accordance with T < 5 but T ≥ 1 and were tested with a chi-square corrected for continuity.
The Kaplan-Meier curve and log-rank test were used to compare the survivor rates. The analyses were implemented with SPSS software (version 19.0; SPSS Inc., Chicago, IL, United States). P values < 0.05 were considered to indicate a significant difference.
RESULTS
Of all the 117 patients, 104 (118 knees) met the criteria and were followed continuously until the last. Fifty-four patients (60 knees) in group A and 51 patients (58 knees) in group B were included in the study. One patient underwent UKA surgery on both legs. However, arthroscopy was used before the left leg replacement and no arthroscopic surgery was performed on the right leg. The basic characteristics of the patients are shown in Table 1 . There was no significant between-group difference in numbers, age, sex, side, BMI, etiology, or follow-up time.
The inpatient information is shown in Table 2 . The percentage of patients receiving blood transfusion was 40% in group A, significantly lower than that in group B (67.2%; P = 0.003). The total volume of blood transfusion in group A was also significantly lower than that in group B (P = 0.001). One patient in group A had severe pain in the upper abdomen, and another experienced paroxysmal atrial fibrillation the day after operation (P = 0.491). Both patients recovered and achieved stable condition after symptomatic and supportive treatment.
At the last follow-up, three patients in group A received revision with a survivorship of 95%, and four in group B received revision with a survivorship of 93.1%. The outcome showed no statistically significant difference for unicompartmental OA patients receiving the two measures (X 2 = 0.007, P = 0.933). The Kaplan-Meier survival curve is shown in Figure 2 . All these patients converted to TKA after failure because of the progression of arthritis, aseptic loosening, and bearing dislocation. The revision detail is shown in Table 3 .
The outcome scores and the radiographic comparison are shown in Table 4 . Both groups improved significantly, after operation, in clinical symptoms and functions. However, there was no significant difference between the two groups at the final follow-up in HSS score [mean difference (MD), -1.6; 95%CI: -5.2-2.1; P = 0.392], knee society score (MD, 1.0; 95%CI: -3.9-6.0; P = 0.676), or knee function score (MD, -2.3; 95%CI: -8.7-4.0; P = 0.471). At the last follow-up, the mean FTA was 175.2° ± 2.5° in group A and 175.0° ± 3.7° in group B with no significant difference (MD, 0.2; 95%CI: -1.0-1.4; P = 0.770). The average HKA was closer to 180° in group A but with no significant difference between the two groups (MD, 0.2; 95%CI: -1.0-1.4; P = 0.759). We found more knees getting alignment correction at the last follow-up with a percentage of 84.2% in group A and 77.8% in group B with no significant difference (P = 0.387) according to the Kennedy and White classification ( Figure 3 ).
DISCUSSION
KOA is a very common chronic arthropathy whose pathogenesis is uncertain, featured as articular cartilage and bone beneath cartilage damage as well as osteophyte proliferation [1, 22] . UKA is an effective method for unicompartmental OA [7, 8] . UKA in a patient can provide smaller incisions, less trauma and hemorrhage, better conservation of bone stock for revision, better kinematic recovery, and quicker recovery than TKA [23] [24] [25] . Reservation of the lateral compartment and ACL results in better proprioception [26] [27] [28] .
In our study, the average survivor rate of UKA was 95% in group A and 93.1% in group B. It is worth noting that several patients developed severe pain symptoms several years after surgery, and X-rays showed partial loosening of the prosthesis (Figure 4 ). Out of fear of pain from replacement surgery or other personal reasons, this complaint of the patients has not been treated for the next step. However, because of the small sample size, the contribution of arthroscopic debridement to survivor rate needs further study. Sebastien et al reported a total survivorship of 85.9% in a 20-year retrospective study, and the revision details included progression of arthritis (36.4%), aseptic loosening (22.7%), polyethylene wear (18.2%), and bearing dislocation (13.6%) [29] . Their study did not use the treatment of arthroscopy, which may result in a higher rate of revision than our study, while they did include more patients and longer viewing times. The leading reason for revision was the progression of arthritis, which shows that the diagnoses of the patients were incomplete [30] [31] [32] . The wear particle of the component also contributed to this progression [2, 30, 33] . Therefore, strict patient selection is the key to the effect of operation and the survival rate of the prosthesis for UKA [9, 10] .
Regarding inpatient information, the percentage of patients receiving blood transfusion was 40% in group A, significantly lower than that in group B (67.2%; χ 2 = 8.795, P = 0.003). The total volume of blood transfusion in group A was also significantly lower than that in group B (Z = 3.325, P = 0.001). There was no significant difference between the two groups in hemorrhage during operation. The results showed that arthroscopy combined with UKA did not increase surgical trauma, infection probability, or surgical complications but provided an advantage in reducing the total volume of blood transfusion and the percentage of patients receiving blood transfusion.
At the last follow-up, there was no significant difference between the two groups in HSS score, knee society score, or knee function score. Both groups improved significantly after the operation, which suggests that these two surgical methods provide notable improvement in clinical symptoms and function and thus improve life quality. At the last follow-up, the mean FTA and HKA showed no significant difference (P = 0.770; P = 0.759). More knees got alignment correction with no significant difference (P = 0.933) according to the Kennedy and White classification [21] . Perkins and Gunckle reported 40 UKA samples and found that the revision rate increased 7 times for varus over 2° or valgus over 6° after operation [34] . Parmaksizoğlu et al [35] studied 38 UKA patients who experienced fine recovery in clinical symptoms and function with an average varus over 1.5°. Controversy remains around the force line correction of UKA. We consider better correction when the force line crosses the joint center or there is slight varus because the excess valgus could lead to progression of arthritis in the lateral compartment while the over-varus would load more pressure on the prosthesis, which could improve the incidence of aseptic loosening and pad wearing.
With the development of surgical techniques and the deeper research in KOA, the indications for UKA are not as strict as before. Cartilage degeneration in the patellofemoral joint and lateral compartment is no longer contraindications of UKA [12, 13] . For patients suffering from Outerbridge I or II cartilage degeneration in the patellofemoral joint or lateral compartment as well as an injury in the lateral meniscus, performing arthroscopic surgery before UKA is necessary. Moreover, excision of the synovial membrane, removal of the corpus liberum, and brisement of the patellar retinaculum through arthroscopy could reduce synovitis, cartilage wearing, and pain in the patellofemoral joint ( Figure 5 ). For patients affected by severe cartilage degeneration newly found through arthroscopic surgery, arthroscopic debridement or TKA could be the substitution, which also avoids the limitation of patient selection based only on physical examination and radiographic information.
Of the 54 patients who received arthroscopic operations, 39 had cartilage degeneration at various levels in the patellofemoral joint, 12 had meniscus injury in the lateral compartment, and 27 suffered from cartilage degeneration on the lateral tibial plateau. Most of the patients experienced good recovery after arthroscopic operation, which included trimming the meniscus and articular cartilage and smoothing the bone surface. One failed case suffered from Outerbridge IV cartilage injury on the lateral femoral condyle and Outerbridge I cartilage injury on the lateral tibial plateau and had a survival time of 6.33 years. He accepted TKA on the other leg in 2017, owing to the abuse of his non-UKA leg and acceleration of the progression of arthritis.
The crucial part of UKA is to judge the functional integrity of the ACL, and an ACL-deficient knee should be considered a contraindication [36] [37] [38] . For ACL-deficient patients who undergo UKA, the leading reason for revision is aseptic loosening [39, 40] . However, most KOA patients had varying degrees of ACL damage. Lee et al studied 107 KOA patients through physical examination and found that 41 (39%) had ACL injury [41] . There is also controversy around the diagnosis of chronic ACL damage using MRI. According to knee prosthesis research conducted by Sharp et al [33] , 33% of patients had ACL defects while only 13% of treatments changed to TKA during operation. One explanation for the inaccuracy of MRI could be that MRI provides only imaging diagnosis, which fails to show functional integrity. Meanwhile, the ACL of KOA patients is relaxed and lacks strass during MRI because of cartilage loss. This problem can be solved using the arthroscopic technique. During arthroscopic surgery before UKA, the tension of the ACL can be precisely evaluated. Compared to the MIS incision of UKA, the magnifying image during arthroscopic surgery provides better visualization to judge the blood supply and synovial membrane of the ACL. In our study, no patients in group A had a deficiency or lack of tension in the ACL.
Other advantages of arthroscopic surgery combined with UKA are as follows. First, although arthroscopic surgery increases operation time, infection probability and surgical complications do not increase. In our long-term study, neither infection cases nor surgical complications were found. Second, arthroscopic operation has the same operative position as UKA. Third, the risk of anesthesia and infection can be reduced compared to staged operation.
There remain some limitations in our study. Our study was a single-center retrospective study, which is less persuasive than multiple-center studies. Randomization was not adopted when grouping. Also, the option of receiving arthroscopic surgery was based on operators' preference. Lastly, the radiographs were not reviewed by multiple observers, which could result in observer error.
In conclusion, this study shows that arthroscopic surgery combined with UKA and UKA alone both provide benefits in patients' clinical symptom improvement and alignment correction. Also, arthroscopy combined with UKA does not increase infection probability or surgical complications, and has an advantage in reducing the total volume of blood transfusion and the percentage of patients receiving blood transfusion. Arthroscopic surgery has its unique advantage with regard to patient selection and a curative effect on cartilage degeneration in the lateral compartment. The patient's symptoms were pain in the medial knee and the knee joint flexed to 140°. Unicompartmental knee arthritis was performed on both knees and the postoperative recovery was good without complications. She was discharged from the hospital after 18 d of hospitalization; C and D: Positive lateral radiographs of the knee joints taken at 3 mo after the operation; E and F: Positive lateral radiographs of the knee joints taken at 6 months after the operation; G and H: Positive lateral radiographs of the knee joints taken at 7 years after the operation. The X-rays showed partial loosening of the prosthesis. The main symptom of the patient at present was pain in the medial side of the knee joint when standing or walking, and the symptoms were not significantly improved before the operation. 
ARTICLE HIGHLIGHTS
Research background
Knee osteoarthritis is the most prevalent form of osteoarthritis and is becoming the main reason for progressive pain in knee joints. Arthroscopy combined with unicondylar knee arthroplasty (UKA) is one of the effective methods for the treatment of severe unicompartmental knee arthritis. This surgical approach gives us the capacity to explore all the articular cavities and plays a vital role in UKA patient selection. However, some scholars think that this surgical procedure is traumatic and may increase the rate of surgical infection, and its clinical efficacy needs further study.
Research motivation
We aimed to compare the clinical effects of arthroscopy combined with UKA and UKA alone for patients suffering from unicompartmental knee osteoarthritis (OA).
Research objectives
To further clarify the clinical efficacy, postoperative infection rate, and trauma of arthroscopy combined with UKA in patients with unicompartmental OA.
Research methods
A retrospective study was conducted after selecting patients who were diagnosed with unicompartmental OA and underwent UKA between October 2012 and November 2006. The condition of each compartment was evaluated under arthroscopy, and whether or not to perform the UKA was determined according to the situation of the knee compartments. Minimally invasive surgery was adapted for UKA surgery. Patients were followed at 3, 6, and 12 mo and every 2 years thereafter. During each follow-up, the radiographic materials, the range of motion (ROM) of knee, the hospital for special surgery (HSS) score, knee society score, and knee function score as recorded, and the modes and time of failure and revision details were collected as well.
Research results
Data of 104 patients (118 knees), including 54 patients (60 knees) in the arthroscopy combined with UKA group (group A) and 51 patients (58 knees) in the UKA alone group (group B) was collected at an average follow-up time of 7.25 years. There were no significant differences in the number, age, gender, side, body mass index, etiology, or follow-up between the two groups. At the final follow-up, 3 (5.0%) of 60 knees in group A compared with 4 (6.9%) of 58 knees in group B failed and converted to total knee arthroplasty (TKA), with no statistically significant difference between the two groups (P = 0.933). The percentage of patients receiving blood transfusion was 40% in group A, significantly lower than that in group B (67.2%; P = 0.003). Total volume of blood transfusion in group A was also significantly lower than that of group B (P = 0.001). Both groups improved significantly after operation in clinical symptoms and functions. HSS score, knee society score, and knee function score increased significantly at the latest followup compared to pre-operation in group A, from 59.6 ± 10.9 to 82.7 ± 9.3 (P = 0.000), 47.3 ± 6.3 to 76.2 ± 13.1 (P = 0.000) and 57.5 ± 6.3 to 75.1 ± 19.6 (P = 0.000); and in group B, from 59.3 ± 15.6 to 84.3 ± 10.1 (P = 0.000), 49.1 ± 9.2 to 75.1 ± 13.2 (P = 0.000), and 59.3 ± 9.0 to 77.4 ± 13.8 (P = 0.000). There were no significant differences in the scores or angles between the groups at the last follow-up. As to the force line, 84.2% of patients in group A were corrected to normal, which was higher than that in group B (77.8%), although there was no statistical difference between the two groups (P = 0.387).
Research conclusions
Arthroscopy combined with UKA and UKA alone both provide benefits in clinical symptom improvement and alignment correction. Arthroscopy combined with UKA does not increase the infection probability and surgical complications, and has an advantage in reducing the total volume of blood transfusion and the percentage of patients receiving blood transfusion. Arthroscopic surgery has a unique advantage with regard to patient selection and a curative effect on cartilage degeneration in the lateral compartment.
Research perspectives
This study is a clinical follow-up study limited to a single center. We will conduct a multi-center large-scale clinical follow-up study and expand the case number. Through arthroscopic surgery, the surgery plan for patients who do not meet the UKA indications changes to arthroscopic joint cavity cleaning or TKA. Next, we will also collect clinical data from these patients and follow them to further verify the advantages of arthroscopy combined with UKA with regard to patient selection.
